Introduction {#s0001}
============

Stroke is one of the most common causes of morbidity in South Africa, with an estimated 75 000 strokes occurring in South Africa each year (Bertram et al. [@CIT0005]). The burden of stroke is particularly high in rural South Africa, with 33 500 strokes occurring in a population of 13 000 000 people in 2011 (Maredza, Bertram & Tollman [@CIT0029]). Not only is the prevalence of stroke high, but Wolf, Baum and Connor ([@CIT0056]) in a study of 7740 stroke survivors found that 45% of the patients were below the age of 65 and 27% were below the age of 55. The young age of stroke survivors was confirmed by a study conducted within the Gauteng Province by Duff, Ntsiea and Mudzi ([@CIT0013]), which reported a mean age of 51 (s.d. ± 10.5 years) in a population of stroke survivors (*n* = 96) studied. Thus, stroke is no longer considered a disease of older people in South Africa. Stroke has devastating effects on young stroke survivors because they still have more years of social and economic activity than older adults with stroke. Young people living with stroke will arguably need more rehabilitation to enable full integration into the community and work.

Rehabilitation that meets all the needs of a stroke survivor is considered 'a process of active change by which a person who has become disabled acquires the knowledge and skills needed for optimum physical, psychological and social function' (British Society of Rehabilitation Medicine [@CIT0007]:7).

Rehabilitation is thus all encompassing and extends beyond that of addressing body structure and function and activity limitations.

During rehabilitation there is a need to distinguish behavioural restitution (return to pre-stroke function because of neural tissue repair: true recovery without the need to learn compensatory movements for functional ability) and use of compensation strategies (e.g. learning to perform movements using spared muscles and joints without neural repair) (Bernhardt et al. [@CIT0004]). Behavioural restitution is preferable because of restoration of normal function that does not require learning of compensatory techniques for functional ability. The first week until the first month post-stroke (acute and early subacute) is a critical time to enhance neural plasticity (Krakauer et al. [@CIT0022]), and thus every effort needs to be made to provide early rehabilitation services to all patients and the focus during this phase should be on restoration and not compensation.

The importance of early post-stroke rehabilitation in a South African (SA) context is highlighted by findings from a study that compared functional outcomes of SA stroke survivors with those of patients in developed countries that tend to focus on early post-stroke rehabilitation. A study by Rhoda et al. ([@CIT0046]) found that functional recovery of stroke survivors in Germany (*n* = 66) was better than that of SA (*n* = 56) patients at 6 months after stroke when assessed using the Rivermead Motor Assessment Scale and the Barthel Index (*p* = 0.0003 and 0.003, respectively). There were no significant differences in age, gender, aphasia and time since stroke onset between the SA and German study sample. All stroke survivors in the German study received rehabilitation from a multidisciplinary team. In the SA study sample, all received physiotherapy and only patients from 16 of the 21 health centres received speech therapy and occupational therapy in addition to physiotherapy. Patients in the SA study were already being seen at community health centres 20 days after stroke when the patients in the German study were still being seen as inpatients at the same time since stroke onset. Thus, the German patients may have received more rehabilitation sessions at this early stage of rehabilitation because they did not have to travel to get to a rehabilitation centre at this stage of their rehabilitation.

Given the information presented, the following questions come to mind: do stroke survivors in South Africa have access to rehabilitation services, and are there feasible intervention strategies suited for resource poor clinical facilities and communities like the ones found in South Africa? Many people undertake stroke rehabilitation research in South Africa, and an overview of this research to inform SA rehabilitation services is thus warranted. Thus, the aims of this review were to make SA stroke rehabilitation research and services visible with the objectives of (1) identifying, critiquing and summarising current SA physiotherapy stroke rehabilitation research, (2) to determine SA physiotherapy stroke rehabilitation research gaps based on the available literature and (3) to establish if there are feasible intervention programmes developed internationally suited for resource poor clinical facilities and communities like those found in South Africa.

Methods {#s0002}
=======

The literature search for this article was conducted using the following sources: Pubmed, Medline, PEDRO, University of the Witwatersrand, Free State, Cape Town, Western Cape, KwaZulu-Natal, Pretoria, Stellenbosch, Sefako Makgatho Health Sciences library catalogues, Cochrane, Google Scholar and citation tracking. The following search words were used: stroke, physiotherapy, rehabilitation, services, outcome measures and South Africa. Physiotherapy-related studies, studies that included physiotherapy in a multidisciplinary intervention programme and studies that reported general activity and participation restrictions of stroke survivors within the last 10 years were included. Policy documents were included even if they were more than 10 years old provided they were the latest version. The search for stroke in South Africa yielded 839 studies, and when narrowed down to human studies after 2008, it yielded 437 studies that were reduced to 39 studies when limited only to stroke rehabilitation studies. Two independent researchers (V.N. and A.M.) undertook the search for abstracts. Studies identified were read by two independent researchers who applied the following exclusion criteria: non-human subjects and those that did not focus on stroke rehabilitation or services. A third researcher (H.V.) then read all the full-text articles that were identified for inclusion. A quality rating scale was not applied to these studies because the aim was to include all studies irrespective of quality. The quality of the studies was taken into consideration when presenting and discussing results. Data on study methods including specific intervention programmes where applicable were extracted, interpreted and summarised.

Ethical considerations {#s20003}
----------------------

The author was not exposed to any patient confidential information and did not have any form of contact with patients or people who participated in the reviewed studies. Articles reviewed are in the public domain and thus the author did not need permission to conduct the review.

Results {#s0004}
=======

The findings of the review are reported below under the following summary headings: Problems experienced by stroke survivors in South Africa; Problems experienced by caregivers of stroke survivors in South Africa; Stroke rehabilitation services in South Africa; Stroke rehabilitation outcome measures: South African context; Stroke rehabilitation physiotherapy interventions: South African context and General considerations.

Problems experienced by stroke survivors in South Africa {#s20005}
--------------------------------------------------------

South African research shows that people following stroke have problems at all levels of the International Classification of Functioning, Disability and Health (ICF). Specific problems identified include both basic and instrumental activities of daily living needed to function within their communities (80.3%) (Rhoda, Mpofu & De Weerdt [@CIT0045]), dependence with walking and stair climbing at discharge (58% and 78%, respectively) (Joseph & Rhoda [@CIT0019]) and poor health-related quality of life (79.5%) (Rhoda [@CIT0047]). Mamabolo et al. ([@CIT0027]) argued that SA stroke survivors have poor quality of life because they are discharged home when they are still functionally dependent (47%) (Mamabolo et al. [@CIT0027]).

Participation restrictions experienced by SA stroke survivors, especially in poor socio-economic circumstances, include lack of transport and community environmental terrains not conducive to wheelchair use (Rhoda et al. [@CIT0043]). These restrictions mean that some stroke survivors are not able to attend outpatient rehabilitation services or participate in their communities. Mobility is even more limited for those who are socio-economically disadvantaged as indicated by De Villiers et al. ([@CIT0011]) in their observational study of 196 socio-economically disadvantaged stroke survivors who were followed up for 6 months. These authors measured disability using the modified Rankin Scale and modified Barthel index, and reported that 'shack[^1^](#FN0001){ref-type="fn"}' housing was independently more associated with moderate-to-severe disability (odds ratio 3.42, confidence interval 1.22--9.59, *p* = 0.02) than other forms of housing. Other participation restrictions reported are from an observational cross-sectional study of 97 stroke survivors aged 51 ± 10.5 years within the Gauteng Province, which showed return to work or economic productivity with only 34% of the stroke survivors sampled returning to work 2 years after stroke (Duff et al. [@CIT0013]). This was similar to a rate of return to work reported in the Eastern Cape Province (*n* = 40; 32%) (Patterson [@CIT0040]).

Problems experienced by caregivers of stroke survivors in South Africa {#s20006}
----------------------------------------------------------------------

A study conducted at one academic hospital in Gauteng found that patients are discharged less than 2 weeks after stroke and only 7% of stroke survivors had home visits after discharge (Mamabolo et al. [@CIT0027]). With transport difficulties and thus an inability to attend outpatient rehabilitation services, caregivers appear to carry most of the burden of care. Studies conducted with SA caregivers of stroke survivors (Hilton et al. [@CIT0017]; Kusambiza-Kiingi, Maleka & Ntsiea [@CIT0023]) reveal that most caregivers experience strain, with 55% (*n* = 45) and 77% (*n* = 35) scoring more than 7 (severe strain) on the Caregiver Strain Index. Problems of caregivers of patients who have aphasia were compounded by communication problems (Masuku, Mophosho & Tshabalala [@CIT0030]) with limited access to speech language therapy for advice.

The challenges experienced by stroke survivors and their caregivers are an indication that stroke rehabilitation services should extend beyond the hospital to facilitate recovery and improve quality of life.

Stroke rehabilitation services in South Africa {#s20007}
----------------------------------------------

There are private and government rehabilitation services in South Africa and both provide services for patients at various phases post-stroke. The phases of stroke recovery are hyper acute (0--24 hours), acute (1--7 days), early subacute (7 days--3 months), late subacute (3--6 months) and chronic stage (\> 6 months) (Bernhardt et al. [@CIT0004]).

Specific stroke management and rehabilitation services vary between facilities depending on availability of resources. However, all health facilities are accredited by the Department of Health which is guided by a number of policies, including the National Rehabilitation Policy of South Africa ([@CIT0037]) and the World Health Organization Community-Based Rehabilitation Guidelines (WHO [@CIT0059]). These policies recommend creation of the right environment for quality rehabilitation services, improvement in access to rehabilitation services and creation of an environment that enables people with all forms of disability to participate in society. This is still a work in progress as some of these recommendations are still to be met (e.g. not all people have access to full rehabilitation services).

Stroke management in South Africa includes primary prevention. However, after a stroke has occurred, according to the SA guideline for the management of ischaemic stroke, intravenous thrombolytic therapy with recombinant tissue plasminogen activator (tPA) is an accepted therapy within 4.5 h of onset of symptoms, but can only be administered at centres with specific resources (Bryer et al. [@CIT0008]). Stroke survivors usually start rehabilitation as soon as they become medically stable -- ideally during the acute phase (Krakauer et al. [@CIT0022]). Inpatient rehabilitation services in South Africa generally focus on the medical model approach, which focuses on changes in body structure and function and activity limitations with the hope that this will enable the individual to participate in the community and pays little attention to the barriers that hinder full social integration (Mji et al. [@CIT0032]). Patients are discharged before functional independence is reached because of a high demand for beds. The average length of stay in tertiary hospitals for a stroke survivor is 6 days (Mudzi, Stewart & Musenge [@CIT0034]) and less than 2 weeks in other hospitals (Mamabolo et al. [@CIT0027]).

When patients are discharged from the hospital, the post-discharge rehabilitation services are not accessible because of transport difficulties and limited community-based rehabilitation service options. Most stroke survivors who receive outpatient rehabilitation at community health centres in South Africa only receive 1--4 h of physiotherapy sessions with a median number of 1.8 h over a 6-month period (Rhoda, Mpofu & De Weerdt [@CIT0044]).

Some communities have home-based care services, but there is poor referral and articulation with these services (Mabunda, London & Pienaar [@CIT0025]). According to the South African Framework and Strategy for Disability and Rehabilitation (2015--2020), therapists are supposed to conduct home visits for clients in their homes for specific interventions with follow-up visits by mid-level health workers. It is not clear, however, as to who these proposed mid-level workers are and where they are trained. This ambiguity needs to be addressed because therapists are not coping with the post-discharge rehabilitation needs (Rhoda et al. [@CIT0044]).

In some instances, as indicated in Mapipa, Wolvaardt and Senkubuge ([@CIT0028])'s study, patients are given an opportunity to attend outpatient services at local hospitals or primary healthcare clinics, but many do not attend. These authors did one-on-one interviews of 12 stroke survivors who missed their outpatient sessions at a SA public sector hospital in the Pretoria area. Participants gave very positive feedback on the hospital rehabilitation services, but said that fear of losing their jobs and poor transport availability meant that they could not always attend. Participant perceptions were of poor services at the primary healthcare clinics. This is an indication that some patients have opportunities for rehabilitation, but are not able to utilise them fully. Access to stroke rehabilitation services is, however, improving in some communities because of the availability of community service therapists[^2^](#FN0002){ref-type="fn"} at community health centres (Mapipa et al. [@CIT0028]).

More is expected with the transformation of the SA health system towards universal coverage that is meant to overcome the deep inequities, including poor access to rehabilitation services, especially for people who cannot afford private healthcare (Framework and Strategy for Disability and Rehabilitation 2015--2020). Inclusion of stroke units in the SA guidelines for the management of ischaemic stroke (Bryer et al. [@CIT0008]) is a step in the right direction because treatment in a stroke unit has been shown to increase the likelihood of independence after stroke (Stroke Unit Trialists' Collaboration [@CIT0050]). There are government-funded stroke units in the Western Cape and Gauteng and private stroke units in most provinces. Stroke rehabilitation services are expected to be available to more stroke survivors in future with more clearly defined referral pathways and communication between rehabilitation team members (Framework and Strategy for Disability and Rehabilitation 2015--2020).

Stroke rehabilitation outcome measures: South African context {#s20008}
-------------------------------------------------------------

Measuring outcome following stroke is crucial, but should be relevant and appropriate to the context. For example, challenges that are often not addressed in the literature but are applicable in a SA context are means of administration and time taken to complete the items, the language and rules for translation used, and the cost of outcome measures or licensing and copyright (Joseph & Rhoda [@CIT0018]).

Assessment and measurement should be done within the ICF framework. The ICF is seen as a framework and classification that provides a common language for all users (World Health Organization [@CIT0060]). Assessment done within the ICF framework includes body structure and function limitations, and this is important to distinguish true recovery from compensation (Krakauer et al. [@CIT0022]). To test the effect of interventions on sensorimotor recovery, measurements should be performed within 7 days of stroke onset and repeated up to 3 months after stroke. This is the period when major improvements can be expected. If the aim is to test effect of interventions on ability to compensate, which is typically more than 3 months after stroke, noting stroke severity at stroke onset is strongly recommended (Kwakkel et al. [@CIT0024]).

The following are recommended as core outcome measures for inclusion in stroke trials (Kwakkel et al. [@CIT0024]): National Institute of Health Stroke Scale (NIHSS), Fugl-Meyer (FM), Action Research Arm Test (ARAT); 10-m walk test, 6-minute walk test (6MWT); self-report questionnaire of health status (EQ-5D); and simplified modified Rankin Scale (mRS). There was no evidence to support use of any one participation level tool as a core outcome measure (Kwakkel et al. [@CIT0024]). Outcome measures used in stroke rehabilitation research in South Africa compared to core outcome measure by Kwakkel et al. ([@CIT0024]) are presented in [Table 1](#T0001){ref-type="table"}.

###### 

Outcome measures used in stroke rehabilitation research in South Africa compared to core outcome measure recommended by Kwakkel et al. ([@CIT0024]).

  Classification                                                                                                                                                                                               Outcome measures recommended by Kwakkel et al. ([@CIT0024])                                  Outcome measures used in South African studies
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------
  Classification of stroke severity                                                                                                                                                                            National Institute of Health Stroke Scale (NIHSS)                                            **NHISS** (Recommended by Bryer et al. [@CIT0008])
  Body function and structure (impairments)                                                                                                                                                                    Fugl-Meyer (FM -- motor, arm and leg)                                                        Shoulder subluxation finger width measurement system for shoulder subluxation and Ritchie Articular Index for pain (Comley-White et al. [@CIT0010])
  Modified Ashworth Scale (MAS) (Comley-White 2015)                                                                                                                                                                                                                                                         
  Montreal Cognitive Assessment (MoCA) (Ntsiea et al. [@CIT0039])                                                                                                                                                                                                                                           
  Wong-Baker FACES Pain Rating Scale, **Fugl-Meyer Assessment**, Postural Stability Test (Van Wyk [@CIT0054])                                                                                                                                                                                               
  Activity limitations                                                                                                                                                                                         Action Research Arm Test (ARAT) for upper limb                                               Frenchay Arm Test (FAT) (Muller [@CIT0033])
  Motor Assessment Scale (Comley-White 2015)                                                                                                                                                                                                                                                                
  For walking, 10-m walk test (with gait aids if necessary)                                                                                                                                                    Barthel Index (Mudzi, Stewart & Musenge [@CIT0036]; Van Wyk, Eksteen & Rheeder [@CIT0053])   
  A 6-minute walk test (6MWT) is recommended if the primary aim is to measure progress in walking                                                                                                              Functional Independence Measure (FIM) (Muller [@CIT0033])                                    
  **6MWT**, Berg Balance Scale (BBS), and Timed Up and Go (TUG) (Knox et al. [@CIT0021])                                                                                                                                                                                                                    
  An eight-camera T-10 Vicon system with Nexus 1.8 software (Vicon Motion System Limited, Oxford, UK) to analyse the 3D kinematics of the trunk during self-selected walking speed (Titus et al. [@CIT0051])                                                                                                
  Postural Assessment Scale for Stroke Patients (PASS) (Puckree & Naidoo [@CIT0042])                                                                                                                                                                                                                        
  Rivermead Mobility Index (Mudzi et al. [@CIT0036])                                                                                                                                                                                                                                                        
  Modified Rivermead Mobility Index (Kara & Ntsiea [@CIT0020])                                                                                                                                                                                                                                              
  Frenchay Activities Index and Nottingham Extended Activities of Daily Living Scale (Joseph & Rhoda [@CIT0018])                                                                                                                                                                                            
  Quality of life                                                                                                                                                                                              Self-report questionnaire of health status (EQ-5D)                                           Short Form 36 (Westaway [@CIT0055])
  **EQ-5D** (Hilton et al. [@CIT0017]; Rhoda [@CIT0047])                                                                                                                                                                                                                                                    
  Caregiver Strain Index (CSI) (Hilton et al. [@CIT0017])                                                                                                                                                                                                                                                   
  Stroke-Specific Quality of Life Scale (Ntsiea et al. [@CIT0039])                                                                                                                                                                                                                                          
  Global disability                                                                                                                                                                                            Simplified modified Rankin Scale (mRS)                                                       **Modified Rankin Scale** (Duff et al. [@CIT0013])
  World Health Organisation Disability Assessment Schedule II (WHODAS II) (Arowoiya et al. [@CIT0003])                                                                                                                                                                                                      
  Participation                                                                                                                                                                                                No evidence to support use of any one tool as core outcome measure                           Maleka Stroke Community Reintegration Measure (MSCRIM) (Maleka et al. [@CIT0026])
  Reintegration to Normal Living Index (Joseph & Rhoda [@CIT0018])                                                                                                                                                                                                                                          
  Stroke Impact Scale 16 (Knox et al. [@CIT0021])                                                                                                                                                                                                                                                           

Outcome measures used in SA research were identified from individual research papers, electronic dissertations and from a study by Joseph and Rhoda ([@CIT0018]), a systematic review that identified outcome measures used in stroke rehabilitation in South Africa. Most researchers indicated that the outcome measures they used were feasible and applicable to a SA context and some, for example, the Maleka Stroke Community Reintegration Measure (Maleka, Stewart & Hale [@CIT0026]), were developed specifically for South Africa. Outcome measures that are not freely available, like the Functional Independence Measure, are used mainly in private rehabilitation units for clinical and research purposes. Kwakkel et al.'s ([@CIT0024]) study presents results of a consensus meeting about outcome measures that they suggest should be collected in all stroke recovery trials; these recommendations were aligned with the ICF. All core outcome measures on Kwakkel et al.'s ([@CIT0024]) list were used in more than 20 of the stroke rehabilitation studies in South Africa except for the Action Research Arm test and the 10-m walk test, as shown in [Table 1](#T0001){ref-type="table"}. It would be easier to compare SA stroke research findings from various research settings if at least one of the recommended core outcome measures for every ICF level assessed is included in future research.

It is difficult to know if the outcome measures recommended by Kwakkel et al. ([@CIT0024]) are used in clinical practice in South Africa. A research project to determine this is in progress. While research conditions are not always a true reflection of clinical realities, some outcome measures used in research are applicable in clinical practice and their use in clinical practice should be encouraged. Most patient assessment- and treatment-related records can form part of information or research databases, which can be used to compare patient treatment outcomes, inform practice and policy, and motivate for funds, equipment or rehabilitation space.

Patient demographic and clinical details are required in addition to standardised outcome measures, and thus it is important that all the necessary information is captured for clinical and research records. Kwakkel et al. ([@CIT0024]) recommend capturing of the following demographic and stroke information: age; sex; ethnicity; medical history: vascular risk factors, renal or cardiac failure, prior stroke or transient ischaemic attack, co-morbid conditions; pre-morbid function; education; pre-morbid walking status; pre-morbid living arrangements; stroke severity; active hand movement at stroke onset; ability to walk independently at stroke onset; stroke type; stroke sub-type; stroke location; thrombolysis or reperfusion therapy; and imaging.

Psychological, cognitive, physical, social and lifestyle factors must also be captured. These are recommendations for research, but they can enrich the clinical database of patients' records as well.

Stroke rehabilitation physiotherapy interventions: South African context {#s20009}
------------------------------------------------------------------------

South African physiotherapy stroke rehabilitation research is undertaken to establish interventions that are context-specific, taking into consideration available resources (human and material), geographical and political factors that are unique to the country or even specific provinces, and we report this research below (Comley-White, Mudzi & Musenge [@CIT0010]; Kara & Ntsiea [@CIT0020]; Knox, Stewart & Richards [@CIT0021]; Mudzi, Stewart & Musenge [@CIT0035]; Ntsiea et al. [@CIT0039]; Puckree & Naidoo [@CIT0042]; Van Wyk [@CIT0054]; Van Wyk, Eksteen & Rheeder [@CIT0053]). We also have included intervention evidence from studies conducted outside South Africa whose findings we consider are relevant to the SA context.

### Upper limb rehabilitation {#s30010}

Stroke results in upper limb impairments that affect hand and upper limb function, with shoulder subluxation with or without pain often presenting as a complication. A Cochrane systematic review presented moderate quality evidence for upper limb rehabilitation after stroke, establishing the benefits of constraint-induced movement therapy (CIMT), mental practice, mirror therapy, virtual reality, interventions for sensory impairment and a high dose of repetitive task practice (Pollock et al. [@CIT0041]). In South Africa, there are limited physiotherapy upper limb intervention studies, and thus applicable international literature must be referred to and evidenced-based interventions that can be used in resource poor settings identified for use and possibly modified and evaluated for efficacy in a SA setting. For example, intervention using robotics or those requiring intensive and long one-on-one therapy would not be appropriate in low socio-economic settings. Interventions that may be applicable and require further evaluation include mirror therapy, mental practice, modified CIMT, high-dose repetitive practice and home exercise programmes using items that can be found in most households as equipment.

Shoulder strapping is used in most stroke rehabilitation facilities. Comley-White et al. ([@CIT0010]) did a study in Gauteng to establish the impact of longitudinal strapping when compared to circumferential strapping techniques on patient's upper limb tone, motor function, pain or subluxation, post-stroke. This was a randomised control trial of participants with stroke of less than 2 weeks. The sample size had 90% power to detect changes in the outcomes measured (pain, muscle tone and shoulder subluxation). These authors established that even though not statistically significant, longitudinal shoulder strapping was more effective than circumferential in managing shoulder subluxation (0.74) and pain (*p* = 0.92). The treatment is feasible because the shoulders were strapped for 2 weeks, with the strapping being changed every 3--4 days; however, it may be difficult for some patients to come to the hospital twice a week following discharge because of the accessibility challenges mentioned earlier in this article (Rhoda et al. [@CIT0043]). Van Wyk ([@CIT0054]) did a randomised controlled trial in the Free State Province to test effectiveness of shoulder stability exercises using the Biodex Balance System (Biodex Medical System [@CIT0006]) in addition to usual upper limb rehabilitation compared with usual upper limb rehabilitation only. The intervention was not effective, but this is attributed to the small sample size of 17 stroke survivors. The intervention was feasible for a research project and for inpatients. Outside the research setting, it may be difficult for outpatients to come to the hospital 3 times per week for 28 sessions. Another limiting factor is that most rehabilitation centres do not have a Biodex. However, further research with a larger sample size is recommended, and if possible, also comparison of Biodex with shoulder stabilisation exercises that do not require expensive equipment for relevance in a resource poor setting.

### Balance and stability {#s30011}

It is important to improve balance. An observational study conducted in Johannesburg by Muller ([@CIT0033]), of 40 stroke survivors, demonstrated a strong correlation between balance and functioning in activities of daily living. Balance was tested using the Berg Balance Scale and functional ability with the Functional Independence Measure. These are valid and reliable outcome measures, and thus the study findings are worth considering in clinical practice; however, they are only evidenced for use in the early stages of rehabilitation because participants were between 21 and 40 days after stroke.

Puckree and Naidoo ([@CIT0042]) undertook a study in KwaZulu-Natal comparing the effect of a balance and stability-focused outpatient community-based rehabilitation programme to a regular physiotherapy programme on outcomes of balance, stability and perceptions of improvement after acute stroke. Regular physiotherapy was 1-h individualised sessions fortnightly or group exercises for patients who were able to mobilise independently.

The experimental intervention included 12 sessions of exercises to improve stability and lower limb proprioception in sitting, standing and walking, performed fortnightly over a 7-month period with 25 stroke survivors. Assessment was done using valid and reliable outcome measures: Postural Assessment Scale for Stroke Patients, Berg Balance Scale and Barthel Index for stability, balance and functional ability, respectively. There was no significant difference between the control and intervention group at 7 months in any outcome; however, stability scores improved by 10%, balance scores by 14.6% and functional ability by 5% in the intervention group. An association between stability and balance (*r* = 0.84, *p* \< 0.001) and between stability and functional ability (*r* = 0.74, *p* \< 0.001) was found. This study showed a need to focus on stability in all three for balance and functional ability to improve. There is a need to repeat this study with a larger sample size and with outcome measures that may detect smaller changes in balance control such as functional reach or step test in addition to the global measures used.

### Gait {#s30012}

Rehabilitation should include gait re-education to improve ambulation speed and endurance because some of the problems experienced by people after stroke are dependence with walking and stair climbing at discharge (Joseph & Rhoda [@CIT0019]). Walking training can be done over ground or on a treadmill. Research in these areas has not yet been undertaken in South Africa, but the treadmill is used in SA clinical practice. A German study found low-to-moderate quality evidence of the rehabilitation benefits of treadmill training for stroke survivors who could already walk (Mehrholz, Thomas & Elsner [@CIT0031]). An Australian study, however, established that treadmill walking with body weight support (BWS) improves walking speed for patients who cannot walk (Ada et al. [@CIT0001]). However, an American RCT established that locomotor training including use of body weight support on a treadmill was shown to be similar to progressive home exercises managed by a physiotherapist (Duncan et al. [@CIT0014]).

Some patients may be anxious about treadmill training and thus should try walking over ground with a harness without BWS. Lines and footprints on the floor can be used to control step length and width and metronomes can be used to improve walking rhythm and timing (Ada et al. [@CIT0002]). Most stroke rehabilitation facilities in South Africa have a standard treadmill, but most of them do not have a harness for BWS.

Besides walking, gait can be improved by focusing on muscle strengthening of lower limb muscles. Gait pattern, speed and endurance may improve if the following muscles are targeted for strengthening: ankle dorsiflexors, hip flexors, ankle evertors, knee flexors and hip internal rotators (Dorsch et al. [@CIT0012]). This Australian study by Dorsch et al. ([@CIT0012]) was conducted on 60 stroke survivors who were in the chronic stage (1--6 years after stroke), and thus the findings cannot be applied to patients in the acute and subacute phase. In this study, the combined strength of the ankle dorsiflexors and the hip flexors accounted for 34% of the variance in walking speed (*p* \< 0.001) and the ankle dorsiflexors accounted for 31% of the variance (*p* \< 0.001). Thus, these muscles have to be strengthened to improve gait.

Knox et al. ([@CIT0021]), in their randomised control trial of 144 stroke survivors, found that task-orientated circuit gait training improves gait speed and velocity in people 9.5 weeks after stroke, who could walk 10 m at less than 1.1 m/s without assistance. Knox et al.'s ([@CIT0021]) study consisted of an intervention of six 1-h sessions of task-orientated circuit gait training with a caregiver over a 12-week period for stroke survivors in the SA public health sector. The study compared three groups: (1) a group who did task-orientated circuit gait training (to improve strength, balance and task performance while standing and walking) facilitated by a caregiver; (2) a group who received strength training of lower extremities in sitting and lying and (3) a control group who received one 90-min educational session on stroke management. The task-orientated circuit-training programme with caregiver help improved gait recovery and walking competency after stroke (*p*-values between \< 0.001 and 0.04). The following outcome measures were used in this study: Berg Balance Scale, 6MWT, the 10-m gait speed tests and the Timed Up and Go test. This is an example of an intervention that accommodates the needs of resource poor facilities and communities. The sessions did not require complex equipment and were provided over a 12-week period giving patients an opportunity to come once every 2 weeks if necessary for the six sessions.

### Unilateral spatial neglect {#s30013}

Unilateral spatial neglect affects a person's ability to perform activities of daily living. Van Wyk, Eksteen and Rheeder ([@CIT0053]) did a randomised control trial in Pretoria to determine the effect of saccadic eye movement training with visual scanning exercises (VSEs) integrated with task-specific activities on unilateral spatial neglect post-stroke. All 24 stroke survivors who had unilateral spatial neglect following a clinical ischaemic or haemorrhagic stroke within 1 and 3 weeks received task-specific activities 5 days a week for 4 or 5 weeks. Visual scanning exercises improve visual scanning behaviour by encouraging patients with neglect to actively pay attention to stimuli on the affected side, usually by starting a few degrees past midline, and going out from there. The intervention group (*n* = 12) did saccadic eye movement training with VSEs integrated with task-specific activities. Significant differences were noted on the King-Devick Test (*p* = 0.021), Star Cancellation Test (*p* = 0.016) and Barthel Index (*p* = 0.004). Thus, visual perceptual processing of patients who received VSEs improved, and this translated into better visual function and ability to perform activities of daily living following the stroke. This intervention is feasible for inpatients but not for outpatients if it is difficult for them to come to the hospital 5 days a week for 4 consecutive weeks. The researchers noted this limitation and are in the process of testing this intervention within a community setting with reduced frequency of intervention sessions.

### Home exercise programme {#s30014}

It may not be possible for therapists to supervise all rehabilitation, especially in the home environment, and so unsupervised home-based exercise programmes are frequently prescribed to patients on discharge. For these exercises to be effective, they need to be performed at the appropriate dose; adherence to prescribed exercise programmes is therefore important. Kara and Ntsiea ([@CIT0020]) undertook a study in Gauteng to determine the effect on adherence of a written and pictorially presented prescription of a home exercise programme compared to verbal prescription in individuals with stroke. The control group (*n* = 21) received a home exercise programme with verbal instructions, and the intervention group (*n* = 21) received the same but with additional written and pictorial instructions for the exercises. Adherence was measured with an exercise logbook, which contained a column with exercises prescribed and a column for the patient and caregiver to tick that exercise was done and a third column to tick time that exercise was started and completed (exercise duration). The addition of a written and pictorial home exercise prescription did not result in better adherence to the home exercise programme. The use of a logbook served as reminder and track record for both groups, and thus in this case, monitoring with a logbook was more effective than the type of home exercise prescription. Adherence is a complex, multifactorial entity and does not only relate to the stroke survivor. Adherence also involves a change of behaviour, so while a person may be willing to follow prescribed instructions, they may not actually carry out the prescribed activity or exercise (Schneiders, Zusman & Singer [@CIT0048]).

Caregiver education and prescription of home exercise programmes must take into consideration patient and contextual factors. In Gauteng, Mudzi et al. ([@CIT0035]) conducted a randomised controlled trial to test the effectiveness of a caregiver education programme. This study compared the standard existing rehabilitation stroke care that was offered at the hospital at the time of the study (did not include individualised hands-on training of caregivers) and rehabilitation that included training in lifting and handling techniques, back care, continence, assistance with activities of daily living and communication. The intervention also included information on stroke-related problems and their management. This robust, fully powered study established that carer education alone did not result in significant improvements in patients' functional abilities. The authors suggest that the reasons for lack of clinically significant changes in the two groups are that most of the patients (70%) did not have rehabilitation post-discharge and that they had poor functional ability at discharge from the hospital.

Therefore, there is a need to investigate ways to improve the way home exercise programmes are delivered and supported to improve post-discharge rehabilitation. Caregivers have a lot of responsibilities and they experience emotional strain and burden. This may influence stroke survivors' adherence to home exercise programmes and recovery of function as some of them rely upon caregivers for assistance (Scorrano, Ntsiea & Maleka [@CIT0049]). Thus, caregivers and stroke survivors need more support post-discharge.

### Return to work intervention {#s30015}

According to the Health Professions Council of South Africa (HPCSA), rehabilitation includes the following: getting the patient to maximum potential in both work and sport, and community care includes offering services at industries and other organisations (HPCSA, scope of the profession of physiotherapy). The World Confederation for Physical Therapy (WCPT) also acknowledges that rehabilitation services may include assessment of ability to assume or resume work, ability to gain access to work and safety in work (WCPT entry level education guideline 2011). The WCPT also acknowledges that rehabilitation can be offered within a variety of settings, including (but not limited to) industrial and occupational settings (WCPT Education Policy Statement 2011). Thus, the HPCSA and WCPT include the role of physiotherapists in return to work (RTW) interventions. Just like intervention at all levels of care, RTW intervention also requires a multidisciplinary approach that includes physiotherapy (Ntsiea et al. [@CIT0039]).

Ntsiea et al. ([@CIT0039]) conducted a multidisciplinary randomised controlled trial in Gauteng to determine the effect of a workplace intervention programme on the rate of RTW of stroke survivors who were working before the stroke (*n* = 40) compared with a control group (*n* = 40) who received usual care (general activities to improve impairments and activity limitations and prepare stroke survivors for RTW but without doing workplace visits). The workplace intervention programme was tailored according to each stroke survivor's functional ability and workplace challenges. The workplace intervention consisting of workability assessments and six workplace visits was found to increase the odds of returning to work by 5.2 compared to the control group. Stroke survivors who returned to work had better quality of life (mean difference = 9.7, *p* = 0.05). Given the limited number of therapists or resources in South Africa, it may not be possible to have six workplace visits. To increase the rate of RTW, regular and early communication between the stroke survivor, employer and therapist is necessary to make well-informed decisions about the RTW process, and to explore possibilities of reasonable accommodation at the workplace (Ntsiea & Van Aswegen [@CIT0038]).

General considerations {#s20016}
----------------------

During rehabilitation of stroke survivors, therapists need to think of benefits of intensity of rehabilitation. Treatment sessions of 30--60 min, 5--7 days a week may provide a significant beneficial effect (Pollock et al. [@CIT0041]). In a SA context, this may not be possible for most patients either because of shortages of therapists in the hospital or because of transport costs if attending an outpatient service. Thus, patients may benefit from a 'Patient-Directed Activity Program' (Tremmell et al. 2017:1), which includes 'activity stations designed to increase repetition, stimulation, attention, and activity of the affected upper extremities, lower extremities, and trunk' completed independently in the ward, in addition to standard of care. Patients can do the activities instead of being inactive in their wards or homes and this may contribute towards increasing the intensity of their rehabilitation.

This review has focused on interventions aimed at improving specific impairment, ability or participation limitations presenting post-stroke researched within a SA context. It is acknowledged, however, that a holistic approach is needed during stroke rehabilitation, and this should include:

> Provision of assistive devices, structural changes to houses, yards, roads and buildings where necessary, lobbying for accessible, affordable public transport, access audits of public buildings, and inclusion of non-governmental organisations and home-based care services in a seamless network of care, and thus requires an inter-professional model of care. (Cawood & Visagie [@CIT0009]:8)

Conclusion {#s0017}
==========

Most of the stroke-related research in South Africa focused more on description of problems experienced; however, more intervention studies are now underway to develop context-specific interventions with feasible treatment intensity, frequencies and equipment requirements. Some studies have been undertaken and reported, providing slight evidence for the use of balance re-education exercises in the community; moderate evidence for the use of longitudinal shoulder strapping, VSE for unilateral spatial hemineglect; and strong evidence for gait re-education using task-orientated circuit exercise, and workplace intervention programme to increase return to work after stroke. Caregiver education alone and use of pictorial exercise programmes do not improve patients' functional ability and adherence to home exercise programmes. This review also identified that all core outcome measures on Kwakkel et al.'s ([@CIT0024]) list were used in stroke rehabilitation studies in South Africa except for the Action Research Arm test and the 10-m walk test.

This review provides guidance to SA physiotherapists working in stroke rehabilitation as to the evidence for interventions evaluated in a SA context or interventions evaluated internationally deemed by the author to be appropriate for SA. Future research should explore new ways of improving post-discharge rehabilitation services. Examples of intervention studies that may be beneficial in a SA context are mirror therapy, mental practice and patient-directed activities in rehabilitation.

Limitations {#s0018}
===========

Some of the unpublished SA research reports and theses may have been missed when searching for literature if not loaded on a publicly available library repository.

I would like to thank Mr. Abram Muneno and Ms. Heidi van Zyl for assisting with sourcing of data for this study.

Competing interests {#s20019}
===================

The author declares that she has no financial or personal relationships that may have inappropriately influenced her in writing this article.

Authors' contributions {#s20020}
======================

This is a sole authorship and thus the author contributed fully to conceptualisation and writing of this study.

Funding {#s20021}
=======

This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

Data availability statement {#s20022}
===========================

Data sharing is not applicable to this article as no new data were created or analysed in this study.

Disclaimer {#s20023}
==========

The views and opinions expressed in this article are those of the authors and do not necessarily reflect the official policy or position of any affiliated agency of the authors.

**How to cite this article:** Ntsiea, M.V., 2019, 'Current stroke rehabilitation services and physiotherapy research in South Africa', *South African Journal of Physiotherapy* 75(1), a475. <https://doi.org/10.4102/sajp.v75i1.475>

A simple hut built from tin, wood, or other materials (Collins dictionary).

Community service therapist is a qualified therapist who has just graduated, who works for one year in government institutions as a compulsory service to the country before registering as an independent practitioner.
